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The transmissibility of infectious diseases can
be quantified by the number of secondary cases
generated by a primary infectious case in an en-
tirely susceptible population or basic reproductive
number [3]. In the context of recurrent or en-
demic diseases such as influenza, the reproduc-
tive number accounts for the residual immunity
in the population due to previous exposures or
vaccination campaigns. We estimate the repro-
ductive number of the 1918 influenza pandemic
(Spanish flu) in the Canton of Geneva, Switzer-
land using a compartmental epidemic model. The
uncertainty of model parameters was determined
via a simulation study. We estimate the basic re-
productive number for the first wave to be 1.49
(95% confidence interval (CI): 1.45-1.53) and the
reproductive number for the second wave to be
3.75 (95% CI: 3.57-3.93). In addition, we es-
timate the clinical reporting rate for these two
waves to be 59.7% (95% CI: 55.7-63.7) and 83%
(95% CI: 79-87). We surmise that the lower re-
porting rate in the first wave can be explained by
a lack of initial awareness of the epidemic and
the relative higher severity of the symptoms ex-
perienced during the second wave. Our findings
indicate that intervention strategies aiming at re-
ducing transmission from hospital settings when
implemented alone are unlikely to achieve con-
trol unless combined with a reduction in the sus-
ceptibility of the general population. We found
that reductions in the susceptibility of the gen-
eral population (for the second wave of infection)
through increasing hygiene and protective mea-
sures, prophylactic antiviral use, and vaccination
are more effective and our model predicts con-
trol when these reductions are greater than 77%.
Control is more feasible when both interventions
strategies are implemented simultaneously. For
example, our model predicts that a reduction of
50% or greater in the susceptibility of the general
population and a reduction of 65% or greater in
transmission from hospital wards would guaran-

tee control.
The 1918/9 influenza pandemic affected more

than 50% of the population in Geneva, Switzer-
land [1]. The first wave occurred in July 1918
and the second wave was the deadliest during
October-November 1918, and the third wave was
observed at the end of 1918 (“winter wave”).

Daily epidemic data for the Canton of Geneva
was obtained from the mandatory notifications
registry in Switzerland [1]. The total number of
hospitalized cases during the the Spanish flu in
Geneva was 21754 cases (12.45% of total popu-
lation) with an overall case fatality proportion of
4.2% [1]. The second influenza wave is well doc-
umented to have been much deadlier than the first
wave [1].

We model the first two waves of the 1918
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The best fit model solution (solid) to the daily and
cumulative number of hospital notifications dur-
ing the first two waves of the 1918 influenza pan-
demic (circles) in Geneva, Switzerland.

influenza pandemic in Geneva, Switzerland (Fig-
ure 1) separately using a compartmental epidemic
model. The model (Figure 2) for the transmission
dynamics of pandemic influenza classifies indi-
viduals as susceptible (S), exposed (E), clinically
ill and infectious (I), asymptomatic and partially
infectious (A), hospitalized and reported (J), re-
covered (R), and death (D). We assume that the
birth and natural death rates have common rate µ
and that the population is completely susceptible
to the first wave of infection. Individuals that re-
cover during the first wave are assumed protected
to the second wave [2]. Susceptible individuals in
contact with the virus progress to the latent class
at the rate β(I(t)+ J(t)+qA(t))/N(t) where β is
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Flow chart of the state progression of individuals
among the different epidemiological classes.

the transmission rate, and 0 < q < 1 is a reduc-
tion factor in the transmissibility of the asymp-
tomatic class (A). Since there is no evidence of
the effectiveness of interventions, and disruptions
in the sanitary and medical sectors were common
[1], hospitalized individuals (J) are assumed in-
fectious. Hence, the total population size at time
t is given by N(t) = S(t)+ E(t)+ I(t)+ A(t)+
J(t)+ R(t). We assumed homogeneous mixing
between individuals and, therefore, the fraction
(I(t)+ J(t)+ qA(t))/N(t) is the probability that
a random contact would be with an infectious in-
dividual. A proportion 0 < ρ < 1 of latent indi-
viduals progress to the clinically infectious class
(I) at the rate k while the rest (1−ρ) progress to
the asymptomatic partially infectious class (A) at

the same rate k. Asymptomatic cases progress to
the recovered class at the rate γ1. Clinically in-
fectious individuals (class I) are hospitalized (re-
ported) at the rate α or recover without being di-
agnosed (e.g., mild infections, hospital refusals
[1]) at the rate γ1. Hospitalized individuals (re-
ported) recover at the rate γ2 = 1/(1/γ1−1/α) or
die at rate δ. The mortality rates were adjusted ac-
cording to the case fatality proportion (CFP) such
that δ = CFP

1−CFP(µ+ γ2) (see Figure 2).
A formula of the reproductive number (not
shown) can be obtained using standard methods
in mathematical epidemiology [4]. Model pa-
rameters were estimated using least-square fitting
techniques, and the associated parameter uncer-
tainty was obtained via parametric bootstrapping
(see ref. [5]). There is evidence of early herald
waves of influenza in 1916 prior to the 1918/9
pandemic characterized by high mortality in the
young [6]. The first wave of infection for the
situation in Geneva, Switzerland seems to resem-
ble the dynamics of annual outbreaks of influenza
as indicated by its small basic reproductive num-
ber. Today, the identification of these “early” out-
breaks could give us more time to prepare for
the coming pandemic by increasing the stock-
piles of antivirals and possibly the preparation of
new vaccines. This highlights the importance of
maintaining global virological surveillance for in-
fluenza viruses to obtain information about future
pandemic viruses that could aid in the elaboration
of new vaccines. Rapid identification of emerg-
ing viruses can extend the time available from the
appearance of the “early” herald waves to the ac-
tual pandemic waves. This is increasingly im-
portant and challenging because of our expand-
ing highly interconnected worldwide transporta-
tion networks.

References
[1] Ammon, C.E., 2002. Switzerland. Eur. Surveill. 7,190-

2.

[2] Mills, C.E., Robins, J.M., Lipsitch, M., 2004. Nature
432, 904-906.

[3] Anderson, R.M., May, R.M., 1991. Oxford University
Press, Oxford.

[4] Diekmann, O., Heesterbeek, J., 2000. John Wiley &
Sons.

[5] Chowell, G., Ammon, C.E., Hengartner, N.W., Hyman,
J.M. J. Theor. Biol. (in press).

[6] Oxford, J.S., Sefton, A., Jackson, R., Innes, W.,
Daniels, R.S., Johnson, N.P.A.S., 2001. International
Congress Series 1219, 155-161.

Los Alamos Report LA-UR-05-7140.

T-7, MS B284, Theoretical Division, Los Alamos National Laboratory, Los Alamos, NM 87545 http://math.lanl.gov/

http://math.lanl.gov/

